More than half the population will experience significant low back pain (LBP) during their life[@b1] and LBP has caused a significant social and economic problem[@b2]. Although the pathogenesis of LBP is poorly understood, many studies have produced evidence that the intervertebral disc (IVD) degeneration is a major cause of LBP[@b3][@b4][@b5][@b6]. IVD consists of nucleus pulposus (NP), annulus fibrosus (AF) and cartilage end plates (CEP). Many studies demonstrated that the excessive apoptosis of NP cells which are capable of producing cartilage-specific extracellular matrix (ECM) components is one of the most evident cellular and biochemical changes in degenerative IVD[@b7][@b8][@b9][@b10][@b11][@b12]. The decreased number of NP cells caused by excessive apoptosis, leads to that the synthesis of ECM decreased. Finally, excessive reduction of the ECM results in IVD degeneration. Therefore, excessive apoptosis of NP cells has been believed to contribute to the degradation of ECM and plays an important role in the process of IVD degeneration. Consequently, inhibition of apoptosis of NP cells may decrease the degradation of ECM and postpone the progression of the IVD degeneration.

The silent information regulation 2 (Sir2), an NAD-dependent deacetylase, is linked to the regulation of life span. The activity of Sir2 can extend the life span of model organisms such as yeast and flies[@b13]. Recent studies showed that silent information regulation 2 homolog-1 (SIRT1), the closest relative of yeast Sir2 in mammalian cells, is a longevity gene which can inhibit apoptosis and enhance cell survival in a variety of cell systems under calorie restriction[@b14][@b15]. Our previous studies showed that SIRT1 could inhibit apoptosis of degenerative human disc NP cells[@b16], however, the specific mechanisms of this protective effect are not fully understood.

Macroautophagy (abbreviated as "autophagy") is a conserved cellular process that eliminates long-lived proteins and damaged organelles and proteins, and recycles cytoplasmic components[@b17]. It has been demonstrated that autophagy plays an important role in cell growth, survival, differentiation, and homeostasis[@b18]. There was also evidence for the protective role of autophagy against apoptosis[@b19]. Recent reports showed that autophagy increased in the pathological process of IVD degeneration in rat NP[@b20][@b21]. However, the cell types in NP are different between adult humans and rats: chondrocytic NP cells in adult humans but notochordal cells in rats[@b22]. Hence results obtained from animals which retain notochordal cells well into adulthood, may have little relevance at all to the situation of adult humans. Up to now, the role of autophagy in the process of human IVD degeneration has not been reported. We sought to explore the relationship between autophagy and human IVD degeneration, furthermore, understand whether autophagy is involved in the protective effect of SIRT1 against apoptosis in degenerative human disc NP cells.

Results
=======

Less autophagosomes in NP of patients with DDD compared with those in NP of patients with LVF
---------------------------------------------------------------------------------------------

Transmission electron microscope (TEM) was used to identify autophagosomes in NP. Double-or multiple-membraned autophagosomes were observed both in NP of patients with degenerative disc disease (DDD) and lumbar vertebral fracture (LVF). Visual differences suggested less autophagosomes in NP of patients with DDD than in NP of patients with LVF ([Figure 1](#f1){ref-type="fig"}).

Low Beclin-1 and LC3 expression in NP of patients with DDD compared with that in NP of patients with LVF
--------------------------------------------------------------------------------------------------------

In order to further confirm the relationship between autophagy and IVD degeneration, real-time reverse transcription-polymerase chain reaction (RT-PCR) was used to measure the mRNA expression of Beclin-1, microtubule-associated protein 1 light chain 3 (LC3) of NP from DDD and LVF, western blotting was used to measure the protein levels of Beclin-1 and the ratio of LC3-II/I. real time RT-PCR results show that the mRNA expressions of Beclin-1 and LC3 of NP from DDD were lower than those of NP from LVF, respectively ([Figure 2](#f2){ref-type="fig"}). Western blot showed that the expression of Beclin-1protein of NP from DDD was lower than that of NP from LVF, the ratio of LC3-II/I protein of NP from DDD was also lower than that of NP from LVF ([Figure 3](#f3){ref-type="fig"}). The expression of SIRT1 mRNA and protein of NP from DDD were remarkably decreased compared with those of NP from LVF ([Figure 2](#f2){ref-type="fig"}, [3](#f3){ref-type="fig"}).

Immunohistochemistry results show that SIRT1-postive cells in NP from DDD were significantly decreased compared with those in NP from LVF ([Figure 4A](#f4){ref-type="fig"}). Conversely, Caspase3-postive cells were increased in NP from DDD compared with those in NP from LVF ([Figure 4B](#f4){ref-type="fig"}). Both the number of Collagen II-positive cells and the intensity of the staining were remarkably decreased in NP from DDD ([Figure 4C](#f4){ref-type="fig"}).

Apoptosis of NP specimens from LVF and DDD was detected by TUNEL assay. We found that the TUNEL-labeled apoptotic cells in NP from DDD were significant more than those in NP from LVF ([Figure 4D](#f4){ref-type="fig"}).

SIRT1 enhances autophagy and inhibits apoptosis on degenerative human NP cells

Resveratrol (8 μM) or nicotinamide (12 mM) was used as activator or inhibitor of SIRT1 to treat degenerative human NP cells. Meanwhile, endogenous SIRT1 of degenerative human NP cells was silenced by siRNA transfection. Western blotting was used to measure the effects of up- or down-regulation of SIRT1.Western blotting results showed that the level of SIRT1 protein expression was increased after treatment with resveratrol, and it was reduced after treatment with nicotinamide or siRNA transfection for SIRT1. Moreover, the level of SIRT1 protein expression was reduced more obviously after siRNA transfection for SIRT1 compared with that after treatment with nicotinamide ([Figure 5A](#f5){ref-type="fig"}).

Western blotting results revealed that the protein expression of both LC3-II/I and Beclin-1 increased significantly in NP cells with treatment of resveratrol and decreased in cells with treatment of nicotinamide or SIRT1-siRNA, indicating that SIRT1 administration enhanced autophagy activation ([Figure 5B](#f5){ref-type="fig"}).

To confirm the role of SIRT1 in the regulation of apoptosis of degenerative human NP cells, cells were treated with resveratrol (8 μM), nicotinamide (12 mM) or SIRT1-siRNA respectively, and then the apoptotic incidence was detected by flow cytometry. Apoptotic incidence was decreased in resveratrol-treated cells and increased in nicotinamide and SIRT1-siRNA treated cells. Moreover, the apoptotic incidence was decreased more obviously in SIRT1-siRNA treated cells compared with that in resveratrol-treated cells ([Figure 5C](#f5){ref-type="fig"}).

SIRT1 inhibits apoptosis of degenerative human NP cells by promoting autophagy
------------------------------------------------------------------------------

In order to investigate whether the SIRT1 inhibits apoptosis was mediated by autophagy, degenerative human NP cells were pretreated with 100 nM bafilomycin A for 3 h and then cultured with or without resveratrol (8 μM) for 48 h. Western blotting results revealed that LC3-II/I was significant higher in NP cells with treatment of both resveratrol and bafilomycin A than those treated with resveratrol alone (P\<0.05), and it was also higher in NP cells with treatment of both resveratrol and bafilomycin A than those treated with bafilomycin A alone but without difference in statistics (P\>0.05). Meanwhile, the expression of cleaved Caspase3 protein increased in NP cells with bafilomycin A in combination with or without resveratrol, as compared with those treated with resveratrol alone ([Figure 6A](#f6){ref-type="fig"}). Further results of flow cytometry also showed that the apoptotic incidence increased significantly in NP cells with bafilomycin A pretreatment independently whether resveratrol was added or not ([Figure 6B](#f6){ref-type="fig"}). All the results indicated that resveratrol failed to rescue the degenerative human NP cells pretreated with bafilomycin A from apoptosis.

Discussion
==========

Autophagy is an essential, conserved lysosomal degradation pathway and it occurs at a basal rate in most cells, maintaining cytoplasmic homeostasis by eliminating protein aggregates and damaged organelles[@b23]. Recent studies provided compelling evidences that at least in model organisms autophagy protects against diverse pathologies, such as, neurodegeneration, heart diseases, infections, cancer and aging[@b24]. Beatriz Caramés et al[@b25] found that autophagy may be a protective or homeostatic mechanism in human normal cartilage. Since disc NP cells have the same morphology and avascular supply as chondrocytes, and the incidence of DDD increases rapidly with age, we speculated that there may be an inherent relationship between autophagy and the IVD degeneration. In our study, we observed changes in SIRT1, Caspase3, Collagen II and apoptosis levels in the degenerative NP, and these results were consistent with the findings of our previous studies[@b16]. In this study, we confirmed that, for the first time, autophagy took place in human NP cells as shown by evidence from TEM. To our knowledge, this is the first report of autophagy in human NP cells. By TEM, visual differences suggested less autophagosomes in NP of patients with DDD than those in NP of patients with LVF. Moreover, the mRNA expressions of LC3 and Beclin-1reduced, and the protein expressions of LC3-II/I and Beclin-1 also reduced in NP from DDD compared with those in NP from LVF. These results showed that autophagy may play an important role in IVD degeneration. These observations in human NP were similar with those in different tissues[@b25][@b26][@b27]. However, the conflicting observations of autophagic activity were reported in animal IVD degeneration models[@b20][@b21]. The main possible explanation can account for the differences in cell population, tissue composition, disc and spine anatomy, development, physiology and mechanical properties, between animal species and humans[@b22]. Of particular importance, is the difference in cells which populate the central NP. There are no notochordal cells present in the adult human nucleus pulposus, but most other species retain them throughout much of their adult lives[@b28]. Hence results obtained from animals which retain notochordal cells well into adulthood, may have little relevance at all to the situation of adult humans. In our study, we compared DDD patients with patients undergoing surgery for lumbar vertebral fracture (LVF), which they presume are otherwise normal, and the LVF patients have an average age of 22 years old, whilst the mean age of the DDD group is 56. It is difficult to determine whether any differences we watched were due to degeneration, or simply ageing (or a combination) because the age is different in two groups. In fact, there was limitation for samples collection, in clinical work, relatively normal NP could only be obtained from young patients with LVF, and it is scarcely possible to find relatively normal NP in donors whose age match with patients of DDD. In order to eliminate the affection of age, in our study, the degeneration grade of IVD was classified according to the Pfirrmann classification and grouping was determined by degeneration degree of IVD but not age. Many reports[@b29][@b30] and our early study[@b16] also adopted this grouping method to determine any differences between normal and degenerative IVD. However, we still consider that age may be a factor results in different changes in two groups.

SIRT1 have been demonstrated to play an important role in apoptosis and aging[@b14][@b15][@b31][@b32][@b33][@b34]. We have also affirmed that SIRT1 could inhibit apoptosis of degenerative human disc NP cells in our early study[@b16]. Recent studies reported that SIRT1 activates autophagy[@b35][@b36][@b37] and autophagy inhibits apoptosis[@b38][@b39]. Therefore, these have led to the hypothesis that there may be some inherent relationships among SIRT1 activity, autophagic activity and apoptosis of human NP cells. Our results showed that SIRT1 expression and autophagic activity decreased in NP from DDD, and apoptosis of human NP cells changed conversely. In order to further confirm whether autophagy is involved in the protective effect of SIRT1 against apoptosis in human NP cells, we next employed cell experiments with degenerative human NP cells. Treatment with resveratrol, a natural activator of SIRT1, led to an increased protein expression of LC3-II/I and Beclin-1, and a reduced apoptosis in degenerative human NP cells. In contrast, protein levels of LC3-II/I and Beclin-1 were down-regulated and apoptosis levels were significantly up-regulated in treatment with nicotinamide or SIRT1-siRNA transfection. These observations implied that SIRT1 could promote autophagy and inhibit apoptosis in human NP cells. Then, bafilomycin A, a vacuolar ATPase inhibitor that causes an increase in lysosomal/vacuolar pH, and ultimately blocks fusion of autophagosomes with lysosome, was used to inhibit autophagy[@b40] to see whether SIRT1 protected against apoptosis of human NP cells by promoting autophagy. We found that LC3-II/I was significant higher in NP cells with the treatment of resveratrol and bafilomycin A than that treated with resveratrol alone (P\<0.05), and it was also higher in NP cells with the treatment of resveratrol and bafilomycin A than that treated with bafilomycin A alone, however, without significant difference (P\>0.05). Yue-Hua Yang et al[@b41] described similar results in their report. The possible explanations may be that the effect of resveratrol inducing autophagosome formation was weakened due to bafilomycin A blocking autophagic flux. In other words, when fusion of autophagosomes with lysosomes was blocked by bafilomycin A, there were more autophagosomes in NP cells so that resveratrol could not induce more autophagosomes formation. We will further explore the specific mechanisms in the future. Meanwhile, our data showed that both expression of cleaved Caspase3 protein and apoptosis incidence significantly increased with bafilomycin A treatment, whether resveratrol was added or not. These results confirmed that autophagy is necessary in SIRT1 protected against apoptosis of degenerative human NP cells. This was in consistent with previous studies in neurodegenerative disorders[@b42], diabetic cardiomyopathy[@b43] and atherosclerosis[@b44].

The drawback of this study is that resveratrol (activator of SIRT1) was substituted for SIRT1 plasmid transfection because of extremely low transfection efficiency of lipofection. It is no doubt that more safe and efficient SIRT1 plasmid transfection manner (for example, nucleofector technology) should be chosen for more credible experiment results.

We confirmed that SIRT1 inhibits apoptosis of degenerative human NP cells by promoting autophagy. In fact, there are complex networks between SIRT1 and autophagy[@b45][@b46], and between autophagy and apoptosis[@b47][@b48]. To elucidate exactly the mechanisms involve SIRT1, autophagy and apoptosis in human NP cells, we need further investigation of some key factors, for example, forkhead box class O (FoxO) and p53 pathways (between SIRT1 and autophagy)[@b45][@b46], p62 and Beclin-1 pathways (between autophagy and apoptosis)[@b47][@b48].

In conclusion, our results revealed that autophagy may play an important role in IVD degeneration, and SIRT1 protected degenerative human NP cells against apoptosis via promotion of autophagy. These findings would aid in the development of novel therapeutic approaches for degenerative disc disease (DDD) treatment.

Methods
=======

Patients
--------

All the subjects were lumbar spine surgery patients admitted to The First Affiliated Hospital of Chongqing Medical University (Chongqing, China) from February 2013 to May 2014. The relatively normal human intervertebral disc (IVD) tissues as control were obtained from 3 male patients (aged 19, 22, and 25 years old, respectively) and 1 female patient (aged 22 years old) with lumbar vertebral fracture (LVF) undergoing posterior discectomy, spinal fusion, decompression, and stability within 24 h of trauma, without formerly documented clinical history of LBP ([Figure 7A](#f7){ref-type="fig"}). The degenerative human IVD tissues were obtained from 25 patients (12 females and 13 males, mean age, 56; 45--68) with degenerative disc disease (DDD) during discectomy and intervertebral fusion surgery ([Figure 7B](#f7){ref-type="fig"}). The IVD tissues were harvested under sterile conditions and immediately sent to the laboratory (within 30 min after being harvested). Complete culture medium with serum at 4°C was used as transport medium. The NP tissues were carefully isolated from IVD tissues by a scalpel microscopically under sterile condition.

Routine magnetic resonance imaging (MRI) scan of spine was performed for all the patients prior to surgery. The degeneration grade of IVD was classified according to the Pfirrmann classification[@b49]. The lumbar discs of all patients with DDD were classified as Grades III-IV and the discs of 4 patients with LVF were classified as Grade I.

The study complied with the Declaration of Helsinki and with approval from the Ethics Committee of Chongqing Medical University, and informed consent of all the patients involved in our study was obtained.

Chemicals and antibodies
------------------------

Chemicals and antibodies were purchased as follows: resveratrol (Sigma, R5010) dissolved in 100% dimethyl sulfoxide (DMSO; Sigma, D2650) to a concentration of 40 mM, nicotinamide (Sigma, 72340) dissolved in phosphate-buffered saline (PBS) to a concentration of 200 mM, bafilomycin A (Sigma, B1793) dissolved in DMSO to a concentration of 5 μM, 0.25% trypsin solution (Sigma, 59429C), 0.2% type II collagenase (Sigma, V900892), Dulbecco\'s modified Eagle\'s medium and Ham\'s F-12 medium (DMEM/F12, 1:1; Gibco, 11320-033), fetal bovine serum (FBS; Gibco, 10099-141), penicillin-streptomycin (Sigma, G4664), rabbit anti-SIRT1 (Epitomics, ab32441), rabbit anti-Caspase3 (Epitomics, ab32351), rabbit anti-Collagen II (Abcam, ab34712), rabbit anti-LC3 (Cell Signaling Technology, 4599), mouse anti-Beclin-1 (Abcam, ab114071), mouse anti-β-actin (Beyotime, AA128), goat anti-rabbit IgG-HRP (Beyotime, A0208), goat anti-mouse IgG-HRP (Beyotime, A0216).

Transmission electron microscopy (TEM)
--------------------------------------

NP samples from 3 DDD patients (total number of DDD patients is 25) and 3 LVF (total number of LVF patients is 4) patients were selected randomly to finish TEM detecting. The human NP tissues were fixed in 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.4) for 1 day at room temperature. The tissues were then washed 3 times with 0.1 M phosphate-buffered saline (PBS; pH 7.4). Next, The tissues were fixed in 2% osmium tetroxide and block-stained with 2% uranyl acetate, and then were washed again 3 times with 0.1 M PBS (pH 7.4). The specimens were embedded in epoxy resin following the dehydration in an ascending series of ethanol (50% ethanol for 20 min, 70% ethanol for 20 min, 90% ethanol for 20 min, and 100% ethanol for 20 min thrice). At last, the specimens were cut into 60 nm sections and the sections were stained with uranyl acetate and lead citrate. Ultrathin sections were examined with a TEM (Hitachi-7500, Japan).

Immunohistochemistry
--------------------

NP samples from 3 DDD patients (total number of DDD patients is 25) and 3 LVF (total number of LVF patients is 4) patients were selected randomly to finish immunohistochemistry detecting. Human NP specimens were embedded in paraffin after fixation with 4% paraformaldehyde for 24 h, and then sectioned (4 μm). The sections were deparaffinized with xylene and rehydrated through graded ethanol to distilled water. Afterwards, the sections were treated with 3% H~2~O~2~ for 15 min at room temperature to eliminate endogenous peroxidases activity, incubated with trypsin for 30 min at 37°C to retrieve the antigen, and blocked with normal goat serum for 15 min at room temperature. Next, the sections were incubated with rabbit anti-SIRT1 (1:100), rabbit anti-Caspase3 (1:50) and rabbit anti-Collagen II (1:100) primary antibodies overnight at 4°C. Then, the sections were incubated with secondary antibody goat anti-rabbit IgG-HRP (1:5000) and counterstained with hematoxylin.

TUNEL
-----

NP samples from 3 DDD patients (total number of DDD patients is 25) and 3 LVF (total number of LVF patients is 4) patients were selected randomly to finish TUNEL detecting. A terminal deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL) assay kit (Roche, 40306ES20) that enzymatically labels DNA strand breaks was used to assess the apoptotic cells of human NP. First, the NP sections were incubated with 3% H~2~O~2~ for 10 min at room temperature to quench endogenous peroxidase. Next, the sections were washed three times with PBS. Then, the TUNEL reaction solution (50 μl) was added and the sections were incubated in a humidified atmosphere for 1 h at 37°C. Apoptotic NP cells were quantified by counting TUNEL-labeled apoptotic cells and the results were expressed as counts of TUNEL-labeled apoptotic cells.

Isolation and culture of human degenerative NP cells
----------------------------------------------------

The human NP tissues were carefully isolated from degenerative IVD tissues by a scalpel microscopically under sterile condition. Then, they were washed with PBS twice and cut into 1 mm^3^ fragments. The fragments of NP tissues were digested in 0.25% trypsin solution for 30 min, following 3--4 h in 0.2% type II collagenase at 37°C. Tissue debris was removed by passing through a 200-μm filter and then the NP cells were resuspended in DMEM/F12 containing 15% FBS and 1% penicillin-streptomycin at 37°C in a humidified atmosphere containing 5% CO2. When the cells grew to confluence of 80--90%, they were digested by 0.25% trypsin solution and subcultured in culture flasks. The third generation of NP cells was used for all experiments.

siRNA transfection
------------------

Double-stranded small interfering RNA (siRNA) for human SIRT1 gene silencing was designed and synthesized by Invitrogen (Invitrogen, USA) to suppress the expression of endogenous SIRT1 of degenerative human NP cells. Sequences of the SIRT1-siRNA were as follows: sense 5′-CCAAGCAGCUAAGAGUAAUTT-3′, antisense 5′- AUUACUCUUAGCUGCUUGGTT-3′. Cells were seeded in 6 wells plate for 24 h and were transfected with SIRT1 or negative control siRNA duplexes using PepMute siRNA Transfection Reagent (SignaGen, SL100566) according to the manufacturer\'s instructions. After further various treatments, cells were harvested for flow cytometry, and protein extracts were used for Western blot experiments.

Flow cytometry
--------------

Apoptotic incidence was detected by Annexin V/PI double-staining flow cytometry. Briefly, degenerative human NP cells following different treatments were harvested, washed with PBS twice, and resuspended in binding buffer. The cells were incubated with Annexin V solution and PI in the dark for 10--15 min at room temperature, and then the fluorescence intensities of Annexin V/PI-stained cells were analyzed by flow cytometry within 1 h. Apoptotic cells, including those show Annexin V+/PI− and Annexin V+/PI+ were counted and represented as a percentage of the total cell count.

RNA extraction and real-time RT-PCR
-----------------------------------

NP samples from 3 DDD patients (total number of DDD patients is 25) and 3 LVF (total number of LVF patients is 4) patients were selected randomly to finish real-time RT-PCR detecting. The total RNA was extracted from human NP tissues using TRIZOL® Reagent (Invitrogen, 15596-018) according to the manufacturer\'s instruction. An ultraviolet spectrophotometer (Olympus, Japan) was used to measure the purity and concentration of RNA. Next, the isolated RNA samples were used to synthesized cDNA using PrimeScript® RT reagent Kit With gDNA Eraser (Takara, RR047Q). The expression of SIRT1, LC3 and Beclin-1 human genes was determined by Real-time quantitative RT-PCR using SYBR® Green Real-time PCR Master Mix (TOYOBO, QPK-201) and an ABI Prism 7500 Fast sequence detection system (Applied Biosystems, USA). The reaction conditions were as follows: one cycle at 95°C for 3 min, followed by 40 cycles at 95°C for 15 s, respective annealing temperature for 20 s, and an elongation phase at 72°C for 20 s. The optimal concentrations of primers and templates used in each reaction were established according to the standard curve created before the reaction and corresponding to the nearly 100% efficiency of the reaction. The fold-change in gene expression relative to the control was calculated by 2^-ΔΔCT^. Primers for human genes: 5′- CCAGAACATAGACACGCTGGAAC-3′ and 5′-CTCCTCGTACAGCTTCACAGTCA-3′ for SIRT1; 5′-GTGAGTGTGTCCACGCCCAT-3′ and 5′-AGGTTTCCTGGGAGGCGTAG-3′ for LC3; 5′-TTGGCACAATCAATAACTTCAGGC-3′ and 5′- CCGTAAGGAACAAGTCGGTATCTC-3′ for Beclin-1; 5′-CTTTGGTATCGTGGAAGGACTC-3′ and 5′-GTAGAGGCAGGGGATGATGTTCT-3′ for GAPDH. All the primers were synthesized by TaKaRa (TaKaRa, China).

Western blot analysis
---------------------

NP samples from 3 DDD patients (total number of DDD patients is 25) and 3 LVF (total number of LVF patients is 4) patients were selected randomly to finish western blot analysis. The protein of human NP tissues was extracted using Tissue Protein Extraction Kit (ComWin Biotechnology, CW0891) according to the manufacturer\'s instruction. The degenerative human NP cells were washed in ice-cold PBS (PH = 7.5) and lysed using RIPA Lysis Buffer (Beyotime, P0013B). Protein concentration was measured by Enhanced BCA Protein Assay Kit (Beyotime, P0010S) and protein samples were mixed with 5× sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) sample loading buffer, boiled for 5 min. After electrophoresed in 6--12% SDS-PAGE gels, protein samples were transferred to polyvinylidene difluoride membrane (PVDF, 0.45 or 0.22 μm). The membranes were blocked with 5% nonfat dry milk in tris-buffered saline (TBST) for 1 h and incubated with primary antibodies rabbit anti-SIRT1 (1:2000), rabbit anti-LC3 (1:1000), mouse anti-Beclin-1 (1:1000), rabbit anti-Caspase3 (1:1000) and mouse anti-β-actin (1:500) overnight at 4°C. After washed three times for 10 min in TBST, the membranes were incubated in secondary antibody goat anti-rabbit IgG-HRP (1:5000) and goat anti-mouse IgG-HRP (1:5000) for 1 h. Finally, the membranes were treated with ECL plus reagent (Invitrogen, WP20005) and the results were analyzed by the software.

Statistical analysis
--------------------

Data were expressed as mean ± SD (standard deviation) for at least three independent experiments. SPSS 13 statistical software program (SPSS Inc., IL, USA) was used for statistical analyses. Statistical differences were measured with Student\'s t-test for comparison between two groups or an analysis of variance (ANOVA) followed by the Turkey\'s t-test for comparison of multiple groups, and p\<0.05 was considered statistically significant.
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![Autophagosomes were detected by TEM in NP cells from patients with LVF and DDD.\
(A) Autophagosomes were detected by TEM (30,000×) in NP cells from LVF (black arrow). Double-limiting membrane could be observed in some autophagosomes. (B) One autophagosome was detected by TEM (50,000×) in NP cells from DDD (black arrow).](srep07456-f1){#f1}

![Real-time PCR analysis for SIRT1, LC3 and Beclin-1 gene expression in NP from patients with LVF and DDD.\
The mRNA levels of SIRT1, LC3 and Beclin-1 are decreased in NPs from patients with DDD (n = 3, \*P\<0.05).](srep07456-f2){#f2}

![Western blot analysis for SIRT1, LC3II/I and Beclin-1 expression in NPs from patients with LVF and DDD.\
The protein levels of SIRT1, LC3II/I and Beclin-1 are decreased in NPs from patients with DDD (n = 3, \*P\<0.05).](srep07456-f3){#f3}

![Immunohistochemistry analysis of SIRT1, Caspase3 and Collegan II expression in human NP from patients with LVF and DDD.\
(A) SIRT1 levels are decreased in NPs from patients with DDD (n = 3, 200×, \*P\<0.05). (B) Caspase3 levels are elevated in NPs from patients with DDD (n = 3, 200×, \*P\<0.05). (C) Collegan II levels are decreased in NPs from patients with DDD (n = 3, 200×, \*P\<0.05). (D) Apoptotic cells in the NPs from LVF and DDD were detected by TUNEL. The percentages of apoptotic cells are elevated in NPs from patients with DDD (n = 3, 400×, \*P\<0.05).](srep07456-f4){#f4}

![SIRT1 enhances autophagy and inhibits apoptosis in degenerative human NP cells.\
(A) SIRT1 protein levels were detected by western blot. SIRT1 expression was significantly elevated in degenerative human NP cells which were treated with resveratrol (8 μM) for 48 h. Conversely, SIRT1 expression was reduced in NP cells treated with nicotinamide (12 μM) or SIRT1-siRNA for 48 h. Protein expression levels are normalized against β-actin (\*P\<0.05 versus control). (B) Autophagy related-protein expressions were assessed by Western blot. Autophagy related-protein expression was significantly elevated in degenerative human NP cells which were treated with resveratrol (8 μM) for 48 h. Conversely, autophagy related-protein expression was reduced in NP cells treated with nicotinamide (12 μM) or SIRT1-siRNA for 48 h. Protein expression levels are normalized against β-actin (\*P\<0.05 versus control). (C) The apoptosis incidence of degenerative human NP cells evaluated by flow cytometry. The apoptosis incidence decreased significantly in NP cells treated with resveratrol (8 μM) and increased significantly in NP cells treated with nicotinamide (12 μM) or SIRT1-siRNA for 48 h (\*P\<0.05 versus control).](srep07456-f5){#f5}

![SIRT1 inhibits apoptosis of degenerative human NP cells by promoting autophagy.\
(A) LC3-II/I and cleaved caspase3 protein detected by western blot. LC3-II/I enhanced in human degenerative NP cells treated with bafilomycin A (100 nM) in combination with resveratrol (8 μM) or not. The levels of cleaved caspase3 decreased in NP cells treated with resveratrol (8 μM) and increased in NP cells treated with bafilomycin A (100 nM) in combination with resveratrol (8 μM) or not (\*P\<0.05 versus control, \#P\<0.05 versus resveratrol). (B) The apoptosis incidence of degenerative human NP cells evaluated by flow cytometry. The apoptosis incidence increased significantly in NP cells with bafilomycin A (100 nM) treatment independently whether resveratrol (8 μM) was added or not (\*P\<0.05 versus control, \#P\<0.05 versus resveratrol).](srep07456-f6){#f6}

![Representative MRI of patients.\
(A) Patient with lumbar LVF undergoing posterior discectomy, spinal fusion, decompression, and stability within 24 h of trauma, without formerly documented clinical history of LBP. The red arrow indicates the experimental material position. The L1 vertebrae is fractured and dislocated, and the disc of T12/L1 is classified as Grade I according to the Pfirrmann classification. (B) Patient with DDD undergoing discectomy and intervertebral fusion surgery. The red arrow indicates the experimental material position. The disc of L4/5 is herniated and classified as Grade IV according to the Pfirrmann classification.](srep07456-f7){#f7}
